Background -Non-alcoholic fatty liver disease is characterized by deposition of lipids in the hepatic parenchyma exceeding 5% of liver weight in the absence of other conditions, such as viral or alcoholic hepatitis and metabolic disease. Non-alcoholic fatty liver disease is the most common form of chronic liver disease in several countries. In addition to liver complications, recent studies have shown a relation between liver fat and sarcopenia. Objective -Determine the association between sarcopenia and the severity of non-alcoholic hepatic steatosis diagnosed by abdominal ultrasonography. Methods -A clinical, cross-sectional study was conducted with a sample of male and female adults (18 to 70 years of age) submitted to ultrasonography for the investigation of non-alcoholic hepatic steatosis. Evaluations were also performed for the determination of upper and lower limb muscle strength. Data analysis was performed with the aid of the SPSS 22.0 program and involved ANCOVA and the Bonferroni post hoc test, with P-value <0.05 considered indicative of statistical significance. Results -One hundred two patients were submitted to abdominal ultrasonography, 57.8% of whom presented some degree of non-alcoholic hepatic steatosis. The presence and degree of fatty liver infiltration were significantly associated with the sarcopenic index, determined by the ratio between upper and lower limb strength and BMI (P=0.009 and post-test P=0.028 for upper limbs; P=0.006 and post-test P=0.013 for lower limbs). Conclusion -In the present study, an association was found between the sarcopenic index and non-alcoholic hepatic steatosis, with an inversely proportional relation between this index and the severity of fatty infiltration. This finding offers further evidence of the metabolic interaction of the liver, adipose tissue and muscle. HEADINGS -Non-alcoholic fatty liver disease. Sarcopenia. Ultrasonography. Muscle strength.
INTRODUCTION
Non-alcoholic fatty liver disease (NAFLD) is found in 73% to 90% of individuals with obesity (1) . NAFLD comprises a broad spectrum of diseases, such as simple steatosis, steatohepatitis and cirrhosis, which can progress to hepatocellular carcinoma (2) . NAFLD is defined as the deposition of lipids in the hepatic parenchyma exceeding 5% of liver weight in the absence of viral, alcoholic or metabolic etiologies. Several classes of lipids can accumulate in the liver, but triglycerides are the most frequently found in fatty infiltration (3) .
NAFLD is the most common form of chronic liver disease in several countries (4) . In industrialized nations, the prevalence of NAFLD determined by ultrasonography ranges from 20% to 40% (5) . The male sex, aging, systemic arterial hypertension and type II diabetes mellitus are associated factors; moreover, diet and lifestyle play a fundamental role in the pathogenesis of this disease (6) .
Besides the hepatic complications arising from NAFLD, in 2014, the Korean Sarcopenic Obesity Study published, for the first time, the possible relation between the loss of muscle mass, also known as sarcopenia, and the increasing prevalence of NAFLD unrelated to obesity and metabolic syndrome (7) . Defined by The European Working Group on Sarcopenia in Older People, sarcopenia is a syndrome characterized by the progressive, widespread loss of skeletal muscle tissue and strength, increasing the risk of adverse outcomes, such as physical disability, poor quality of life and even death (8) .
The term sarcopenic obesity was first defined by Baumgartner in the year 2000 and regards the co-presence of obesity and sarcopenia. The complex interaction of common pathophysiological mechanisms, such as increased proinflammatory cytokines, oxidative stress, insulin resistance and hormonal changes, mark the close relation between these two conditions (9) . To elucidate the metabolic axis among the liver, adipose tissue and muscle, studies have shown that myostatin, which is a member of the TGF-beta protein superfamily, is a muscle growth limiting factor and blocking this protein results in an increase in muscle mass as well as protection against hepatic steatosis and insulin resistance (10) .
The myostatin receptor activin IIBR was found in hepatic stellate cells, which synthesize collagen in the presence of chronic inflammation, promoting hepatic fibrosis. This raised questions in the scientific community as to whether fat in the liver promotes the activation of myostatin, resulting in the loss of muscle tissue, or whether sarcopenia, through the action of myostatin, promotes the fibrogenic effect of hepatic stellate cells (7, 10) .
Therefore, the aim of the present study was to determine the association between sarcopenia and the severity of non-alcoholic hepatic steatosis diagnosed by abdominal ultrasonography.
METHODS
A clinical, cross-sectional study was conducted using data collected from November 2018 to January 2019 at an ultrasound service in the city of Aracaju, Brazil, after receiving approval by the local Ethics Committee (certificate number: 2.996.430). The study population was a convenience sample of patients who sought the ultrasound service either spontaneously or by medical indication and signed a statement of informed consent. Abdominal ultrasonography was performed using a good imaging resolution apparatus with a dynamic, convex transducer (with continuous, automatic image formation) operating at 3.75 MHz.
Male and female adults (age range: 18 to 70 years) evaluated by the same physician were included in the study. The exclusion criteria were alcohol consumption ≥140 g/week for men and ≥70 g/week for women, malignant liver tumor, previous liver disease, manifestations of a stroke and physical or cognitive impairment.
The preparation for abdominal ultrasonography was fasting for at least six hours and the use of an anti-gas agent. The hepatic parenchyma was analyzed and hepatic steatosis was classified as follows: Grade 0 -normal echogenicity; Grade 1-mild steatosis, with visualization of fine echoes in the hepatic parenchyma, normal visualization of diaphragm and intrahepatic vessels; Grade 2 -moderate steatosis, with diffuse increase in fine echoes, impaired visualization of intrahepatic vessels and diaphragm; Grade 3accentuated steatosis, with considerable increase in fine echoes, impaired visualization or absence of intrahepatic vessels (11) .
After the ultrasound procedure, the patients were submitted to strength evaluations at the same service by a specialized physiotherapist. The body mass index (BMI) was calculated from weight and height. Knee extensor and elbow flexor strength tests were performed with the dominant limb. A LAFAYETTE manual dynamometer was used to record maximum strength, providing reliable, accurate, stable muscle strength readings. After a trial run to become familiarized with the procedure, three trials of each test were performed with maximum effort with a one-minute interval between readings. The mean of the three readings was recorded in Newtons. The tests were performed with the patient sitting in a chair with adjustable straight back: knee extension strength -measurement of force applied to the ankle with the leg not supported and the knee bent at 90º; elbow flexion strength -measurement of force applied to the anterior region of the forearm with the arm extended at 180º.
The sarcopenic index were calculated by the ratio of the forces of the elbow flexors and knee extensors by the BMI.
After correction for sex and age, the data were analyzed using SPSS version 22.0. ANCOVA was used to test the association between the sarcopenic index and non-alcoholic hepatic steatosis. The Bonferroni post-test was used to compare each grade separately and a P-value <0.05 was considered indicative of statistical significance.
RESULTS
One hundred six patients were recruited and four were excluded. Thus, the final sample was composed of 102 patients (mean age: 45.3±13.1 years; range: 21 to 70 years). The female sex accounted for the majority of the sample (n=65; 63.7%). Regarding the degree of fatty infiltration, 43 were classified with Grade 0 (42.1%) and only five were classified with Grade 3 (4.9%) (TABLE 1) .
Mean BMI was 28.7±5.1 kg/m 2 (range: 17.7 to 40.8 kg/m 2 ). Mean waist circumference was 92.7±14.9 cm (range: 46 to 127 cm). Regarding the biochemical variables, mean blood sugar concentration was 103.1±61.8 mg/dL (range: 61 to 474 mg/dL); mean HDL was 57.5±31.2 mg/dL (range: 25 to 219 mg/dL); mean triglyceride concentration was 146.0±74.1 mg/dL (range: 34 to 369 mg/dL); mean total cholesterol was 209.3±48.5 (range: 123 to 301); and mean LDL was 127.5±43.8 (range: 50 to 216). Mean elbow flexor strength was 68.6±16.3 (range: 35.3 to 115) and mean knee extensor strength was 98.7±28.9 (range: 34 to 156) (TABLE 2) . TABLES 3 and 4 show the sarcopenic index of the upper and lower limbs according to sex and degree of non-alcoholic hepatic steatosis evaluated by abdominal ultrasonography. The association between the sarcopenic index and non-alcoholic fatty liver disease was statistically significant for the upper and lower limbs after correcting for sex and age (P=0.009 and P=0.006, respectively), with the statistically significant post-test results (P=0.028 and P=0.013, respectively) (TABLE 5) .
has restrictions in terms of space and body size (14, 15) . Thus, there has been increasing support for dynamometry due to the greater accessibility related to its low cost, availability and ease of use (16, 17) . The Lafayette manual muscle testing dynamometer, which was used in the present study, is a handheld ergonomic device used for the objective quantification of muscle strength and is considered an accessible alternative for the clinical setting (18, 19) .
Liver biopsy is considered the gold standard for the diagnosis of NAFLD. However, due to its invasive nature and risk of complications, it should not be performed as screening tool for the population. In contrast, ultrasound is the most frequently indicated for the diagnosis and evaluation of non-alcoholic hepatic steatosis due to the fact that it is a non-invasive, low-cost modality that is widely available (20) . A bright liver image, which is due to the hyperechogenicity of hepatic parenchyma with thin and compact echoes on the ultrasound exam, is considered characteristic of hepatic steatosis. Studies have documented sensitivity of 83% to 94% and specificity of 84% to 100% for this examination in relation to liver biopsy (21) .
In the present study, non-alcoholic hepatic steatosis was significantly associated with the sarcopenic index of the upper and lower limbs. The results of the Korean Sarcopenic Obesity Study, which was the first work to demonstrate the association between NAFLD and sarcopenia, also showed a significant increase in hepatic fatty infiltration when sarcopenia was found in obese and non-obese patients. In a cohort study of 124 young adults, Hong et al. (2014) demonstrated a greater possibility of developing NAFLD in individuals with lower muscle mass and sarcopenia was related to an increased risk of advanced liver fibrosis (7) . Guichelaar and Charlton (2014) report that physiological changes that result in NAFLD are capable of simultaneously generating sarcopenia (22) . The complex interaction of common pathophysiological mechanisms, such as the increase of proinflammatory cytokines, oxidative stress, insulin resistance and hormonal changes, mark the close relation between these two conditions (23) .
In the present study, a statistically significant association was found between higher grades of steatosis and sarcopenia, as evidenced by the lower sarcopenic indexes of the upper and lower limbs. Lee et al. (2016) found a weak association between simple steatosis, which has a good long-term prognosis, and the loss of muscle mass. However, the small proportion of these individuals who progressed to necroinflammatory manifestations and significant fibrosis had true sarcopenia (12) . Physiological changes result in the progression of NAFLD, with production of interleukin 6 and TNF-alpha. These cytokines are responsible for greater proteolysis and consequent muscle degradation, with the release of myostatin, which, in a vicious cycle, contributes to the greater progression of hepatic steatosis and the formation of fibrosis (7, 10) .
A limitation of the present study was the use of ultrasound as the only method for diagnosing NAFLD. However, it is a noninvasive method that, according to criteria established in the pertinent literature, enables diagnosing and scoring hepatic fatty infiltration.
CONCLUSION
In the present study, an association was found between the sarcopenic index and non-alcoholic hepatic steatosis, with an inversely proportional relation between this index and the severity of fatty infiltration. This finding offers further evidence of the metabolic interaction of the liver, adipose tissue and muscle. 
DISCUSSION
According to Lee et al. (2016) , NAFLD is one of the main conditions affecting the liver and is the most common of type of liver disease in the United States (12) Yu et al. (2018) demonstrated an increase in the prevalence of NAFLD related to the increase in sedentary lifestyle and obesity rates as well as the aging of the population. The convergence of these factors results in the progressive loss of muscular mass and, consequently, sarcopenia (13) .
The present study used muscle strength tests (dynamometry) to evaluate sarcopenia, although dual emission X-ray absorptiometry (DXA) is the most widely used method for this evaluation. Although DXA is an efficient technique for measuring body composition and muscle mass, it is not applicable to daily clinical practice, because it is expensive, involves ionizing radiation and
